P OTABLE water was exposed to permanent magnetic field (PMF) with a magnetic flux density (B=1.45 T ± 0.05) to investigate its effect on some water parameters for different time intervals at open and dead end flow conditions at flow rate of 41.93 L/min and 52.16 L/ min, respectively. Such as these parameters are; electrical conductivity (EC), total dissolved solids (TDS), pH and temperature. In the existence of this permanent magnetic field, so these pervious parameters were also studied as a function of water flow rate in case of the open loop system. The results showed that the PMF fluctuates the tested parameters of the outflow of this potable water at the previous flow conditions. The potable water is used in this study as a preliminary work before application on the salt water. These effects are owing to the hydrogen bond network. Theoretical approach of calculating inter-molecular interaction energy of H-bonded systems of water clusters under the effect of magnetic field is performed using DFT (Density Functional Theory) level with B3LYP function on Gaussian 09 Program.
Introduction
The magnetic field has a significant effect on the physical and chemical properties of water as well as potable or saline solutions. During the last years many researchers have been studied the effect of temporary and permanent magnetic field on the water properties [1] [2] [3] [4] . The magnetic power has been one of the mysteries of life, where this power has an effective role in positioning the atoms and molecules not only in case of solid substance, but also in case of liquid phase [5] [6] [7] . The magnetic field is not only changing the physical and chemical properties of water but also has a very significant effect on the scale formation in aqueous saline solutions and as well as diminish the salt crystallization [8] [9] [10] [11] . Many studies have been reported that the availability and applicability of the magnetic water treatment in different fields and this task has conventional devotion from the scientific community [12] [13] [14] [15] . The previous studies reported that when water is exposed to a magnetic field, its molecules will arrange in one direction, in which this is the main purpose of changing the physical and chemical properties of water [16] [17] [18] . These studies proved that the magnetic field does not affect the constitution of water molecules but causes fluctuations only on the distribution and polarizability of oxygen and hydrogen atoms. It is found that the variation effects were correlated with the intensity of magnetic field and magnetization time. Although, the effect of all these factors has been reported but no correlation between them was established. There are a lot of circumstances difficult to dominate on them during doing water treatment by magnetic field, such as magnetic impurities. Thus, the practical experiments have been qualitative, it is very important to perform the theoretical calculations to overcome these problems. The computational developments make the theoretical calculations more precise. It is recognized that the water molecules are consisted of clusters or collections and the more stable cluster numbers are called magic numbers. These series of magic numbers offer fundamental information about the electronic and ionic structures of the cluster and consequently the water characteristics. It is possibly make partial or minor changes to the magic numbers, typically so as to improve them, we can get a lot of new uses available of water as another possibility. It is reported that, when larger water cluster smash creating smaller clusters [19] . The more stable water molecules are established to get new stable arrangements under the influence of an external magnetic field [20] . It is already proven that the magnetic field improved the clustering or collecting structure of the chain of hydrogenbond and as well as the polarizability properties of water [21, 22] . The relation between theoretical calculation and experimental measurement of some water parameters is discussed and it is found that the hydrogen bond networks are affected by the magnetic field [23] . In this paper, the study focused on the change in some water properties when subjected to permanent magnetic field. The electrical conductivity (EC), the total dissolved salts (TDS), pH and temperature were studied. It is well known that the TDS is directly proportional to the electrical conductivity (EC), and the following Eq. 1 is used for calculating the TDS as a function of EC:
where, K is a constant that is equal to 0.67
Experimental

Materials
The experimental setup is constructed in the National Research Center, in which potable water (or tap water) was used for this objective. Both pump and valve (gate valve) causes the turbidity of flowing water to be increased. The specification of the used pump is mentioned in Fig. 1 , knowing that the permanent water treatment (PWT) device is shown in Fig. 2 . Table 1 represents the specification of PWT device, supplied kindly by mechanical design and production department, faculty of engineering, Cairo University as seen in Fig. 2 . 
Magnetic exposure
The length of the used hose, being in contact with the used pump, is about 150 cm with diameter of about 2.5 cm. The PWT device was attached to another piece of plastic hose with the same pervious dimensions (diameter 2.5 cm, length 150 cm). In a series of experiments, PWT device was used. All water samples were tested in which the electrical conductivity (EC), total dissolved solids (TDS), pH and temperature were studied as a function of time in both of open and dead end loop. In addition, these water parameter were also studied as a function of water flow rate in case of an open loop. The schematic diagram for the experimental setup is shown in Fig. 3 . Water treatment system experiments were repeated 3 times at the room temperature (23 ± 1 o C) in two cases: (a) Open loop (one through system), in which the inflow path is starting at the tap water and then passes to a small tank through a plastic hose. A pump is used to push the inflow from this tank to PWT device, as mentioned in Fig. 4a . Figure 4b represents the dead end loop (recirculating system), in which the inflow path is starting at the reservoir and ending at it, as shown in Fig. 4b .
Measurements
The samples of the examined water were placed in a glass beaker together with the electrode of the apparatus (Adwa instruments AD8000), in which it is used to determine the values of the previous water parameters for the inflow before entering the PWT device and for the outflow after coming out from it. Each experiment was repeated three times and the average was taken. For this purpose, the PWT device is used to generate a permanent magnetic field with a magnetic flux density (B = 1.45 T ± 0.05). The measurable parameters for in flow tap water can be mentioned below in Table 2 .
Computational methodology
Hydrogen bond values of water molecule clusters were estimated using Density Functional Theory (DFT) level with (B3LYP) that can be considered as particularly accurate calculation of molecular magnetic properties [24] [25] [26] [27] . Few works have investigated hydrogen-bonded clusters using DFT [28] . The influence of the external apparent magnetic field on the ground state PES (potential energy surface) was studied using single-point energy calculations for some water cluster structures as shown in Table 6 , which have been designed using Avogadro open Bapel version 2.3.90. The methodology of using magnetic field has also been applied by other research groups [29, 30] . The intensities of apparent magnetic field on different water clusters are in the range from 0 to 85 T. The energy of molecular interaction was calculated using the following Eq. 2:
Eq. (2) where ∆E HB is the intra cluster binding energy for the water molecule, E(H 2 O) n is the energy of water cluster, n is the number of water molecules and E(H 2 O) is the energy for the water molecule. 
Results and Discussion
Water parameters in one through system (Openloop) Effect of contact time
At flow rate of 41.93 L/min, the potable water is passed through the PWT device at gradual periods of time. After each interval, water sample was taken and the water parameters were measured instantly. The measured parameters are electrical conductivity, total dissolved salts, pH and temperature. One of these parameters is electrical conductivity (EC) that is measured vs time, as shown in Fig. 5a . For extra visualization, the obtained data were subjected to theoretical approach by using Matlab R2013a to determine the suitable polynomial equation for this treatment condition and the obtained data are summarized in Fig. 5b . It was found that the relation between electrical conductivity vs time is represented in a polynomial function. By plotting this relation, it is found that the polynomial function is 3 rd degree with 4 coeifficients (see Eq.3).
f(x) = p 1. x 3 +p 2. x 2 +p 3 .x+p 4 Eq. (3) where; p 1 = -6.147 x 10 -18 , p 2 = 0.01, p 3 = -0.95, p 4 = 385. Knowing that; Goodness of fit (SSE) = -6.785 x 10 -26 , in which it refers to the sum of the squared errors of predication (deviations predicated from actual empirical values of data). In other words, SSE is a degree of the inconsistency between the experimental and theoritical data, which estimated from the model. The small SSE designates a closefitting of the mathematical model to the obtained data. Using the first derivate test is a procedure to get the critical points that cause an increase and a decrease of a function at them. Solve f(x) = 0; so there is a critical point, 47.5. Thus, since it is decreasing to the left and increasing to the right of 47.5, it must be that 47.5 is a local minimum. The relation between total dissolved solids vs. time is shown in the following Fig. 6a , in which this relation is expressed below in Eq. 4, and the form of polynomial function of 3 rd degree with 4 coefficients is shown in Fig. 6b . 4 Eq. (4) where; p 1 = -8.764 x 10 -19 , p 2 = 0.0067, p 3 = -0.6365, p 4 = 257.9. Knowing that; Goodness of fit (SSE) = 1.454 x 10 -26 .
There is a critical point, 47.5. Thus, since it is decreasing to the left and increasing to the right of 47.5, it must be that 47.5 is a local minimum. Figure 7a shows the relation between pH vs. time, in which this relation is expressed below in Eq. 5, and the form of polynomial function of 3 rd degree with 4 coefficients is shown in Fig. 7b . 4 Eq. (5) where, p 1 = -3.542 x 10 -06 , p 2 = 0.0005, p 3 = -0.02158, p 4 = 6.29. Knowing that; Goodness of fit (SSE) = 5.522 x 10 -30 .
There are two critical points, 33.52 and 60.59. Thus, since it is decreasing to the left and increasing to the right of 33.52, it must be that 33.52 is a local minimum. Also, the function is increasing to the left and decreasing to the right of 60.59, it must be that 60.59 is a local maximum. Figure 8a displays the relation between temperatures vs. time, in which this relation is expressed below in Eq. 6, and the form of polynomial function of 3 rd degree with 4 coefficients is shown in Fig. 8b . 4 Eq. (6) where, p 1 = 1.042 x 10 -05 , p 2 = -0.001625, p 3 = 0.06083, p 4 = 28.7. Knowing that; Goodness of fit (SSE) = 2.777 x 10 -28 .
There are two critical points, 24.48 and 79.49. Thus, since it is increasing to the left and decreasing to the right of 24.48, it must be that 24.48 is a local maximum. Also, the function is decreasing to the left and increasing to the right of 79.49, it must be that 79.49 is a 
Statistical analysis in case of studying the effect of contact time
Before passing the tap water inflow through the (PWT) device, it is analyzed and after outflow from this device is re-analyzed. Knowing that, the measurable parameters of inflow water at the room temperature is kept nearly unchanged, as shown above in Table 2 . The sample size (n) that was taken for study is four water samples from the outflow for 20, 40, 60 and 80 sec. respectively, at flow rate of 41.93 L/min. Mean, variance and standard deviation are considered as three descriptive statistics that are calculated for this sample. Sample Mean is the average of the values for each one of the water parameters, where; {y 1 y 2 , …… , y n } are the experimental measured values for the items of the sample, is the sample mean value of these interpretations and n is the number of observations in the sample (sample size), see Eq. 7. In addition, sample variance (S 2 ) is the average of the formed differences from this sample mean, see Eq. 8.
Eq. (7 ) Eq. ( 8 ) Beside this, sample standard deviation (S) is the square root of this sample variance, in which it is a measure of how spreads out the values are. A low sample standard deviation indicates that, the obtained experimental values tend to be nearby to the sample mean. While, a high sample standard deviation specifies that, the gained results are spread out over a broader range of the values (See Eq. 9).
Eq. ( 9 ) EFFECT OF MAGNETIC TREATMENT OF POTABLE WATER IN LOOPED ... All these samples were analyzed by the statistical analysis (as shown in Table 3 ) that was calculated to determine the mean, variance and standard deviation. By comparing the obtained practical data from Table 3 with Table 2 , it was noticed that, there is a decrease about 0.3 in the mean value of the temperature of the outflow if it is compared to the value of the temperature of the inflow. In addition, there is a decrease about 0.6175 in the value of mean of the pH of the outflow if it is compared to the value of the pH of the inflow. Also, there is an increase about 10.5 in the value of mean of the EC of the outflow if it is compared to the value of the EC of the inflow. Finally, there is an increase about 7.035 in the value of mean of the TDS of the outflow if it is compared to the value of the TDS of the inflow.
Effect of flow rate
Another Exploratory investigation for the effect of static magnetic field on the same previous water parameters is also performed. Water was exposed for different instant times to this static magnetic field generated from a permanent water treatment (PWT) device, in which such as electrical conductivity (one of these previous parameters) is measured as a function of water flow rate, as shown in Fig. 9a . The data displays the relation between electrical conductivity vs. flow rate, in which this relation is expressed below in Eq. 10, and the form of polynomial function of 5 th degree with 6 coefficients is shown in Fig. 9b. f(x) = p 1. x 5 +p 2. x 4 +p 3 .x 3 +p 4 .x 2 +p 5 .x+p 6 Eq. (10) where; p 1 = -1.65 x 10 -05 , p 2 = 0.002522, p 3 = -0.1406, p 4 = 3.391, p 5 = -31.11, p 6 = 412.4, Knowing that; Goodness of fit (SSE) = 1.024 x 10 -22 .
There are four critical points; 7.49, 25.40, 40.83 and 48.57. Thus, since it is decreasing to the left and increasing to the right of 7.49, it must be that 7.49 is a local minimum. Also, the function is increasing to the left and decreasing to the right of 25.40, it must be that 25.40 is a local maximum. In addition, the function is decreasing to the left and increasing to the right of 40.83, it must be that 40.83 is a local minimum. Beside this, the function is increasing to the left and decreasing to the right of 48.57, it must be that 48.57 is a local maximum. Figure 10a shows the relation between total dissolved solids vs. flow rate, in which this relation is expressed below in Eq. 11, and the form of polynomial function of 5 th degree with 6 coefficients is shown in Fig. 10b . There are four critical points; 7.48, 25.73, 39.39 and 49.75. Thus, since it is decreasing to the left and increasing to the right of 7.48, it must be that 7.48 is a local minimum. Also, the function is increasing to the left and decreasing to the right of 25.73, it must be that 25.73 is a local maximum. In addition, the function is decreasing to the left and increasing to the right of 39.39, it must be that 39.39 is a local minimum. Beside this, the function is increasing to the left and decreasing to the right of 49.75, it must be that 49.75 is a local maximum. Figure 11a shows the relation between pH vs. flow rate, in which this relation is expressed below in Eq. 12, and the form of polynomial function of 5 th degree with 6 coefficients is shown in Fig. 11b. f(x) = p 1. x 5 +p 2. x 4 +p 3 .x 3 +p 4 .x 2 +p 5 .x+p 6 Eq. (12) where, p 1 = 5.628 x10 -08 , p 2 = -4.785x10 -06 , p 3 = 0.000107, p 4 = -0.0006388, p 5 = 0.01119, p 6 = 6.265, Knowing that; Goodness of fit (SSE) = 6.816 x 10 -28 .
It was found that there are two critical points; 22.19 and 43.94. Thus, since it is increasing to the left and decreasing to the right of 22.19, it must be that 22.19 is a local maximum. In addition, the function is decreasing to the left and increasing to the right of 43.94, it must be that 43.94 is a local minimum. Figure 12a illustrates the relation between temperatures vs. flow rate, in which this relation is expressed below in Eq. 13, and the form of polynomial function of 5 th degree with 6 coefficients is shown in Fig. 12b. f(x) = p 1. x 5 +p 2. x 4 +p 3 .x 3 +p 4 .x 2 +p 5 .x+p 6 Eq. (13) where, p 1 = 3.263x10 -08 , p 2 = -1.141x10 -05 , p 3 = 0.001027, p 4 = -0.03633, p 5 = 0.5366, p 6 = 25.64, Knowing that; Goodness of fit (SSE) = 1.135 x 10 -26 .
It was found that there are three critical points; 14.26, 26 and 45.81. Thus, since it is increasing to the left and decreasing to the right of 14.26, it must be that 14.26 is a local maximum. Also, the function is decreasing to the left and increasing to the right of 26, it must be that 26 is a local minimum. In addition, the function is increasing to the left and decreasing to the right of45.81, it must be that 45.81 is a local maximum.
Statistical analysis in case of studying the effect of flow rate
Six water samples were taken instantly from the outflow at different flow rates respectively, at 3.45, 10.14, 21.7, 29.05, 41.93 and 52.16 L/min. These samples were analyzed by the statistical analysis and the data are listed in Table 4 . By comparing the practical data obtained from Table 4 with Table 2 , it was found that, there is a decrease about 0.975 in the value of mean of the temperature of the outflow if it is compared to the value of the temperature of the inflow. There is a decrease about 0.25 in the value of mean of the pH of the outflow if it is compared to the value of the pH of the inflow. There is an increase nearly about 3.138 in the value of mean of the EC of the outflow if it is compared to the value of the EC of the inflow. There is an increase nearly about 2.102 in the value of mean of the TDS of the outflow if it is compared to the value of the TDS of the inflow [31] . 
Water parameters in recirculating system (dead end -loop) Effect of contact time
The potable water exposed to the same magnetic field for 5, 15, 30, 50 and 65 min., respectively, at a constant flow rate of 52.16 lit/min. are presented. After the application of magnetic field, the flow was stopped and the parameters of water sample were measured instantly. One of these parameters is Electrical conductivity in which it is measured as a function of time, as shown in Fig. 13a . That shows the relation between electrical conductivity vs. time, in which this relation is expressed below in Eq. 14, and the form of polynomial function of 4 th degree with 4 coefficients is shown in Fig. 13b. f(x) = p 1. x 4 +p 2. x 3 +p 3 .x 2 +p 4 .x+p 5 Eq. (14) where, p 1 = 0.0001602, p 2 = -0.0199, p 3 = 0.772, p 4 = -10.77, p 5 = 426. Knowing that; Goodness of fit (SSE) = 1.376x10 -24 .
It is obviously noticed that, there are three critical points, 11.35 in which it represents a local minima, 27.03 in which it represents a local maxima and 54.78 in which it reprsents a local minima. Figure 14a shows the relation between total dissolved solids vs. time, in which this relation is expressed below in Eq. 15, the form of polynomial function of 4 th degree with 5 coefficients as shown in Fig. 14b . Egypt 5 Eq. (15) where, p 1 = 0.0001073, p 2 = -0.01333, p 3 = 0.5172, p 4 = -7.218, p 5 = 285.4. Knowing that; Goodness of fit (SSE) = 3.918x10 -25 .
There are three critical points, 11.36 in which it represents a local minima, 27.03 in which it represents a local maxima and 54.79 in which it reprsents a local minima. Figure 15a shows the relation between pH vs. time, in which this relation is expressed below in Eq. 16, and the form of polynomial function of 4 th degree with 5 coefficients is shown in Fig. 15b. f(x) = p 1. x 4 +p 2. x 3 +p 3 .x 2 +p 4 .x+p 5 Eq. (16) where, p 1 = 6.984x10 -08 , p 2 = -1.022 x 10 -05 , p 3 = 0.0003437, p 4 = 0.0071, p 5 = 6.747. Knowing that; Goodness of fit (SSE) = 2.445 x 10 -29 .
There are two critical points, 49.11 in which it represents a local maxima and 68.22 in which it represents a local minima. Figure 16a shows the relation between temperatures vs. time, in which this relation is expressed below in Eq. 17, and the form of polynomial function of 4 th degree with 5 coefficients is shown in Fig. 16b . It was concluded that the outflow from the PWT device becomes warm at the time of 50 min. This is consistent with what has been said about the effect of the apparent magnetic field on water in which it restricts the motion of the water molecules, and hence alters the thermal conduction in the state of liquid [20] . In addition, it was found that there are three critical points, 8.31 in which it represents a local maxima, 24.25 in which it represents a local minima and 60.37 in which it represents a local maxima.
Statistical analysis in case of studying the effect of contact time 5 water samples were taken instantly from the outflow during different intervals of time at 5 min, 15 min, 30 min, 50 min and 65 min respectively, at a constant flow rate of 52.16 L/min. These samples were analyzed by the statistical analysis (as shown below in Table 5 ). In addition, by comparing the practical data obtained from Table 5 with Table 2 , it is noticed that, there is a decrease about 0.19 in the value of mean of the temperature of the outflow if it is compared to the value of the temperature of the inflow. There is an increase about 0.372 in the value of mean of the pH of the outflow if it is compared to the value of the pH of the inflow. There is an increase about 17.2 in the value of mean of the EC of the outflow if it is compared to the value of the EC of the inflow. There is an increase about 11.524 in the value of mean of the TDS of the outflow if it is compared to the value of the TDS of the inflow [31] .
Computional studies (DFT results)
Hydrogen bond energy values obtained from DFT (B3LYP) calculation with different apparent magnetic field are listed in Table 6 . The theoretical calculation indicates that the applied magnetic field can affect the binding energy of water clusters. By increasing the magnetic field from 0 up to 85 T, the interaction energy becomes less negative which imply the breaking down of hydrogen bonding. It is also observed that as the number of water molecule in a cluster increases, the interaction energy becomes more negative as shown in Fig. 17 , Hence, the hydrogen bonding increases. 
Conclusion
This study proved that the magnetic field has an influence on many factors of water such as; electrical conductivity, total dissolved solids, pH and temperature. The effect can be understood on the underpinning of strengthen of the hydrogen bonds and its disconcertion. The magnetic memory possessions are additionally confirmed under the overhead investigational arrangement. The application of magnetic field in open and circulating water system in manufacturing procedures appears to be auspicious technique permitting to save the energy necessity to reduce the total dissolved salts. It was found that there is a change in the value of standard deviation in case of open and dead end cycle as shown above in the results during exposing the inflow to (PWT) device that generated a permanent magnetic field (B = 1.45 T ± 0.05). Due to this, (PWT) device plays an important role in causing the fluctuations on the previous water parameters. In general, 52.16 L/min (or 3.13 m 3 /hr) is the recommended flow rate in case of open cycle at the time of 20 seconds. Also the same flow rate is also recommended in case of dead end cycle at the time of 30 minutes. The results were subjected to theoretical calculations by using Density Functional Theory especially for the inter-molecular interaction energy of hydrogen bonded systems of water clusters under the effect of different values of magnetic field. The results were also performed for statistical analysis for more understanding the effect of this permanent magnetic field on both of open and dead end flow system.
